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APPARATUS AND METHOD OF
CONTROLLING BRIGHTNESS OF IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation Nos. 2001-88233 filed Dec. 29, 2001 and 2002-23726
filed Apr. 30,2002, in the Korean Intellectual Property Office,
and as a divisional application of U.S. application Ser. No.
10/291,652, filed Nov. 12, 2002, the entire contents of which
are hereby incorporated by references.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to brightness control circuits,
and more particularly, to an image brightness controlling
apparatus and method, and an adaptive image brightness con-
trolling apparatus and method based on the brightness degree
and/or brightness range of an image, these apparatuses and
methods being capable of maintaining the sense of color, such
as the original hue (color tone) or chroma, while increasing
the brightness of the entire image or part of the image dis-
played on an image display device, such as a display monitor
oracolor TV.

2. Description of the Related Art

An image brightness controlling apparatus is a circuit for
controlling the brightness of a displayed video image. The
image brightness control circuit disclosed in U.S. Pat. No.
4,717,953 applies a direct current (offset) to the red, green,
and blue signals constituting an image signal. Accordingly, a
conventional image brightness control circuit has a limit in
increasing the brightness of an image.

A method of controlling the brightness of an image
includes a method of controlling the brightness of an image
by applying a gamma function to a luminance signal Y and a
method of controlling the brightness of an image by applying
a gamma function to each of the red, green, and blue signals
(hereinafter, referred to as an RGB signal). In the former
method, an RGB signal is divided into a luminance signal Y
and two color-difference signals Cb and Cr or I and Q, the
brightness of an image is increased by applying a gamma
function to the luminance signal Y, and the resultant signals
are converted back into the RGB signal.

However, this method may cause a problem in that colors
that can be reproduced are out of the color gamut. This gamut
problem means that a luminance signal Y with an increased
brightness does not have two corresponding color-difference
signals. In this case, an increased brightness image does not
keep the original hue or/and chroma. This may cause degra-
dation in the quality of image.

In the latter method, a nonlinear involution is applied to
each component of an input RGB signal, and accordingly, an
output RGB signal has a different ratio, that is, a different
direction vector, from the input RGB signal, leading to color
variation.

The brightness and contrast of an image can be increased
by histogram equalization as presented by W. K. Pratt, in
“Digital Image Processing”, Wiley, 1978, and R. C. Gonzalez
and R. E. Woods, in “Digital Image Processing”, Addison-
Wesley, 1993. However, in this histogram equalization, the
vector direction of an output color may be changed from the
vector direction of an input color, which leads to color varia-
tion.

SUMMARY OF THE INVENTION

To solve the above-described problems, it is a first object of
the present invention to provide an image brightness control-
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2

ling apparatus and method capable of maintaining the sense
of color (e.g., hue, chroma, or the like) of an image while
increasing the brightness of an image.

A second object of the present invention is to provide an
apparatus for adaptively controlling the brightness of an
image according to the brightness degree of the image and a
method thereof.

A third object of the present invention is to provide an
apparatus for adaptively controlling the brightness of an
image according to the brightness range of the image and a
method thereof.

To achieve the first object, the present invention provides
an image brightness controlling apparatus including a bright-
ness increment arithmetic unit for outputting a brightness
increment for a pixel. The image brightness controlling appa-
ratus also includes an individual component brightness incre-
ment arithmetic unit for outputting the brightness increments
of'individual components constituting the pixel in response to
the brightness increment for a pixel.

The individual component brightness increment arithmetic
unit multiplies the brightness increment of the pixel by each
of'the unit vectors of the components constituting the pixel to
obtain the brightness increments of the individual compo-
nents. The image brightness controlling apparatus further
includes an adder for adding the components constituting the
pixel to the brightness increments of the components.

To achieve the first object, the present invention also pro-
vides an image brightness controlling apparatus including a
brightness arithmetic unit, a reference value arithmetic unit, a
brightness increment arithmetic unit, an individual compo-
nent brightness increment arithmetic unit, and an arithmetic
unit. The brightness arithmetic unit outputs the brightness of
an input signal. The reference value arithmetic unit outputs a
reference brightness for the brightness of an input signal. The
brightness increment arithmetic unit outputs a brightness
increment corresponding to the difference between the refer-
ence brightness and the brightness of the input signal. The
individual component brightness increment arithmetic unit
calculates the brightness increments of individual elements
constituting the input signal in response to the brightness
increment for the input signal. The arithmetic unit adds the
components constituting the input signal to the brightness
increments output from the individual component brightness
increment arithmetic unit to obtain a brightness-increased
signal.

The individual component brightness increment arithmetic
unit multiplies the brightness increment of the input signal by
each of the unit vectors of the elements constituting the input
signal to obtain the brightness increments of the individual
elements.

To achieve the first object, the present invention also pro-
vides an image brightness controlling apparatus including a
brightness parameter arithmetic unit, a reference value arith-
metic unit, a brightness improvement ratio divider, and an
individual element multiplier. The brightness parameter
arithmetic unit outputs a brightness parameter for an input
image signal composed of a plurality of elements. The refer-
ence value arithmetic unit outputs a reference brightness
value for the output brightness parameter. The brightness
improvement ratio divider divides the reference brightness
value by the brightness parameter output from the brightness
parameter arithmetic unit to obtain a brightness improvement
ratio. The individual element multiplier multiplies each of the
elements constituting the input image signal by the brightness
improvement ratio.



US 9,350,965 B2

3

The brightness parameter arithmetic unit determines as the
brightness parameter the value of the maximum element
among the elements constituting the input image signal.

The reference value arithmetic unit calculates the reference
brightness value corresponding to the brightness parameter
output from the brightness parameter arithmetic unit using a
plurality of reference brightness value functions correspond-
ing to a received control signal.

To achieve the first object of the present invention, there is
provided an image brightness controlling method according
to an embodiment of the invention. In this method, a bright-
ness increment for a pixel is output, and the brightness incre-
ments of individual components constituting the pixel are
output in response to the brightness increment for a pixel.

In the step of outputting brightness increments of indi-
vidual components, the brightness increments of the indi-
vidual components are obtained by multiplying the bright-
ness increment of the pixel by each of the unit vectors of the
components constituting the pixel. The image brightness con-
trolling method further includes adding the components con-
stituting the pixel to the brightness increments of the compo-
nents.

To achieve the first object of the present invention, there is
provided an image brightness controlling method according
to another embodiment of the invention. In this method, the
brightness of the maximum component among the compo-
nents constituting an input signal is output. A reference
brightness for the brightness of the maximum component is
output. The difference between the reference brightness and
the brightness of the maximum component is output. A
brightness increment corresponding to the brightness differ-
ence is output in response to the brightness difference and the
components constituting the input signal. The brightness
increments of the individual components constituting the
input signal are output in response to the components consti-
tuting the input signal and the brightness increment received
from the brightness increment arithmetic unit. The compo-
nents constituting the input signal are added to the brightness
increments of the components.

To achieve the first object of the present invention, there is
provided an image brightness controlling method according
to still another embodiment of the invention. In this method,
a brightness parameter for an input image signal composed of
a plurality of elements is calculated. A reference brightness
value for the calculated brightness parameter is calculated.
The reference brightness value is divided by the calculated
brightness parameter to obtain a brightness improvement
ratio. Each of the elements constituting the input image signal
is multiplied by the brightness improvement ratio.

In the brightness parameter calculation step, the value of
the maximum element among the elements constituting the
input image signal is determined as the brightness parameter.

To achieve the second object of the present invention, there
is provided an image brightness controlling apparatus
depending on the brightness degree of an image. In this appa-
ratus, a brightness improvement parameter setting portion
sets a brightness improvement parameter for determining the
degree of an increase or decrease in the brightness of an
image, in response to an input image signal composed of a
plurality of elements and a control signal. A brightness con-
troller controls the brightness of an image in response to the
brightness improvement parameter and the input image sig-
nal.

The brightness controller includes a brightness parameter
arithmetic unit for outputting a brightness parameter for the
input image signal; a reference value arithmetic unit for out-
putting a reference brightness value for the output brightness
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parameter; a brightness improvement ratio divider for divid-
ing the reference brightness value by the brightness parameter
output from the brightness parameter arithmetic unit to obtain
a brightness improvement ratio; and an individual element
multiplier for multiplying each of the elements constituting
the input image signal by the brightness improvement ratio.

The brightness parameter arithmetic unit determines as the
brightness parameter the value of the maximum element
among the elements constituting the input image signal.

To achieve the second object of the present invention, there
is provided an adaptive image brightness controlling method
based on the brightness degree of an image. In this method, a
brightness improvement parameter for determining the
degree of an increase or decrease in the brightness of an image
is set in response to an input image signal composed of a
plurality of elements and a control signal. Then, the bright-
ness of an image is controlled in response to the brightness
improvement parameter and the input image signal.

The brightness controlling step includes: calculating a
brightness parameter for the input image signal; calculating a
reference brightness value for the output brightness param-
eter; dividing the reference brightness value by the calculated
brightness parameter to obtain a brightness improvement
ratio; and multiplying each of the elements constituting the
input image signal by the brightness improvement ratio.

In the brightness parameter calculation step, the value of
the maximum element among the elements constituting the
input image signal is determined as the brightness parameter.

To achieve the third object of the present invention, there is
provided an image brightness controlling apparatus depend-
ing on the brightness range of an image. In the apparatus, a
parameter setting portion sets the maximum and minimum
values of the brightness of an input image signal and the
maximum and minimum values of an extended brightness in
response to the input image signal composed of a plurality of
elements and a control signal. A brightness range improving
portion outputs a luminance signal obtained by extending the
brightness range of the input image signal, in response to the
input image signal, the plurality of values output from the
parameter setting portion, the predetermined maximum and
minimum reference values of the brightness of the input
image signal, and the maximum and minimum reference
values of an extended brightness.

The brightness range improving portion includes: a bright-
ness parameter arithmetic unit for outputting a brightness
parameter for the input image signal; a range comparator for
comparing the brightness parameter with the maximum and
minimum values of the brightness of the input image signal to
determine which section the brightness parameter belongs to
and output section information; and a brightness signal arith-
metic unit for outputting the brightness range-extended
brightness parameter in response to the section information
and the brightness parameter.

The brightness parameter arithmetic unit determines as the
brightness parameter the value of the maximum element
among the elements constituting the input image signal.

To achieve the third object of the present invention, there is
provided an adaptive image brightness controlling method
depending on the brightness range of an image. In the method,
parameters that are the maximum and minimum values of the
brightness of an input image signal and the maximum and
minimum values of an extended brightness are set in response
to the input image signal composed of a plurality of elements
and a control signal. The brightness range of the input image
signal is extended in response to the input image signal, the
plurality of values set in the previous step, the predetermined
maximum and minimum reference values of the brightness of
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the input image signal, and the maximum and minimum
reference values of an extended brightness, to obtain a lumi-
nance signal whose brightness range is extended.

The features and merits of the present invention will
become clear through the following detailed descriptions of
preferred embodiments with reference to the accompanying
drawings. The terms and words used in the entire specifica-
tion and the claims must be interpreted as the meanings and
concepts conforming to the technical spirit of the present
invention based on the principle that the inventor(s) can
appropriately define terms in order to explain their invention
in the best way.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and advantages of the present invention
will become more apparent by describing in detail preferred
embodiments thereof with reference to the attached drawings
in which:

FIG. 1 shows an RGB signal expressed by vectors in an
RGB color space;

FIG. 2 is a block diagram of an image brightness control-
ling apparatus according to a first embodiment of the present
invention;

FIG. 3 is a block diagram of an image brightness control-
ling apparatus according to a second embodiment of the
present invention;

FIG. 4 is a block diagram of an image brightness control-
ling apparatus according to a third embodiment of the present
invention;

FIG. 5 is a flowchart for illustrating an image brightness
controlling method according to the first embodiment of the
present invention;

FIG. 6 is a flowchart for illustrating an image brightness
controlling method according to the second embodiment of
the present invention;

FIG. 7 is a flowchart for illustrating an image brightness
controlling method according to the third embodiment of the
present invention;

FIG. 8 s a first graph showing an increase in the brightness
of an image according to the present invention;

FIG. 9 is a second graph showing an increase in the bright-
ness of an image according to the present invention;

FIG. 10 is a third graph showing an increase in the bright-
ness of an image according to the present invention;

FIG. 11 is a fourth graph showing an increase in the bright-
ness of an image according to the present invention;

FIG. 12 is a fifth graph showing an increase in the bright-
ness of an image according to the present invention;

FIG. 13 is a block diagram of an apparatus for adaptively
controlling the brightness of an image according to the bright-
ness degree of an image, according to the present invention;

FIG. 14 is a detailed block diagram of the brightness
improvement parameter setting portion 160 of FIG. 13;

FIG. 15 is a graph showing the brightness histograms of
three images having different brightness degrees;

FIG. 16 is a flowchart for illustrating a method of adap-
tively controlling the brightness of an image according to the
brightness degree of'an image, according to the present inven-
tion;

FIG. 17 is a detailed flowchart of step 710 shown in FIG.
16;

FIG. 18 is a detailed flowchart of step 730 shown in FIG.
16;

FIG. 19 is a block diagram of an apparatus for adaptively
controlling the brightness of an image according to the bright-
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ness range of an image or the brightness range and brightness
degree of an image, according to the present invention;

FIG. 20 is a detailed block diagram of the parameter setting
portion 170 of FIG. 19;

FIGS. 21A and 21B are block diagrams of the brightness
range improving portion 180 of FIG. 19;

FIG. 22 is a block diagram of the brightness controller 190
of F1G. 19;

FIG. 23 is a flowchart for illustrating a method of adap-
tively controlling the brightness of an image based on the
brightness range of an image or the brightness range and
brightness degree of'an image, according to the present inven-
tion; and

FIG. 24 is a flowchart for illustrating step 850 of FI1G. 23.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
preferred embodiments of the invention are shown. Like ref-
erence numerals refer to the same elements throughout the
specification and drawings.

FIG. 1 shows a red (R), green (G), blue (B) signal
expressed by vectors in an RGB color space. In FIG. 1, the
RGB signal is shown as a vector having a direction and a
magnitude in an RGB color space.

Pixels P_1, P_2, and P_3 can be expressed by vectors
having magnitudes [._A, I,_C and (L._A+L_F), respectively,
and directions as shown in FIG. 1. Here, it is assumed that the
vector magnitudes [,_A, [._C and (I_A+L_F) denote the
brightness of the pixels P_1, P_2, and P_3, respectively, and
that the directions of the vectors denote the sense of color.

The pixel P_1 is expressed by a vector having the magni-
tude [._A and a certain direction. Referring to FIG. 1, the
vector magnitude of the pixel P_3 is given by L_F and [._A,
and the vector direction of the pixel P_3 is the same as the
vector direction of the pixel P_1. Accordingly, the brightness
of the pixel P_3 is higher than that of the pixel P_1, and the
sense of color of the pixel P_3 is the same as that of the pixel
P_1.Inanimage brightness controlling apparatus and method
according to the present invention, the pixel P_3 is produced
based on the pixel P_1.

However, the magnitude [._C of the pixel P_2 is deter-
mined from the magnitude [-A of the pixel P_1, but the
direction of the pixel P_2 is different from that of the pixel
P_1. Accordingly, the brightness of the pixel P_2 is higher
than that of the pixel P_1, but the sense of color of the pixel
P_2 is different from that of the pixel P_1. This causes deg-
radation in the quality of image.

FIG. 2 is a block diagram of an image brightness control-
ling apparatus according to a first embodiment of the present
invention. Referring to FIG. 2, an image brightness control-
ling apparatus 100 includes a maximum component arith-
metic unit 10, a reference value arithmetic unit 20, a gain
controller 30, a brightness difference arithmetic unit 40, a
brightness increment arithmetic unit 50, an RGB increment
arithmetic unit 60, and an adder 70.

The brightness increment arithmetic unit 50 includes an
R-channel unit vector arithmetic unit 61, a G-channel unit
vector arithmetic unit 63, a B-channel unit vector arithmetic
unit 65, a channel selector 51, and a brightness increment
arithmetic circuit 53. The RGB increment arithmetic unit 60
includes the R-, G-, and B-channel unit vector arithmetic
units 61, 63 and 65, and the RGB increment arithmetic circuit
67.

The maximum component arithmetic unit 10 receives three
red, green, and blue signals (or components) Ri, Gi, and Bi
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constituting an input signal (or pixel) and outputs a signal
having the maximum value out of the three signals to the
reference value arithmetic unit 20, the brightness difference
arithmetic unit 40, and the brightness increment arithmetic
unit 50. That is, the maximum component arithmetic unit 10
sets the value of the maximum signal out of the red, green, and
blue signals Ri, Gi, and Bi constituting an input signal as the
brightness Y ofthe input signal. Hereinafter, Y is referred to as
the brightness of the maximum component (signal).

The reference value arithmetic unit 20 calculates a refer-
ence brightness Ref_Y corresponding to the maximum com-
ponent brightness Y output from the maximum component
arithmetic unit 10 in response to the output signal Gval of the
gain controller 30 and the maximum component brightness Y
output from the maximum component arithmetic unit 10, and
outputs the same to the brightness difference arithmetic unit
40. The output signal Gval of the gain controller 30 may be
controlled by a user. To sum up, the reference value arithmetic
unit 20 calculates the reference brightness Ref Y corre-
sponding to the maximum component brightness Y output
from the maximum component arithmetic unit 10. The refer-
ence brightness Ref Y can be calculated using a predeter-
mined lookup table corresponding to the maximum compo-
nent brightness Y output from the maximum component
arithmetic unit 10.

The brightness difference arithmetic unit 40 calculates the
brightness difference dif Y between the reference brightness
RefY and the maximum component brightness Y and outputs
the brightness difference dif Y to the brightness increment
arithmetic unit 50. That is, the brightness difference arith-
metic unit 40 outputs the brightness difference dif_Y between
the brightness Y of the original input signal and the reference
brightness Ref Y.

In response to the input signal, the maximum component
brightness Y output from the maximum component arith-
metic unit 10, and the brightness difference dif Y output
from the brightness difference arithmetic unit 40, the bright-
ness increment arithmetic unit 50 calculates a brightness
increment Inc_Y of the maximum component brightness Y
and outputs the same to the RGB increment arithmetic unit
60.

The RGB increment arithmetic unit 60 calculates R, G, and
B increments Inc_R, Inc_G, and Inc_B with respect to the
respective R, G and B components in response to the input
signal and the brightness increment Inc_Y output from the
brightness increment arithmetic unit 50, and outputs the R, G,
and B increments Inc_R, Inc_G, and Inc_B to the adder 70.
The R, G, and B increments Inc_R, Inc_G, and Inc_B are
obtained by multiplying the brightness increment Inc_Y out-
put from the brightness increment arithmetic unit 50 by each
of R, G and B unit vectors constituting the input signal.

The adder 70 adds the R, G and B signals constituting the
input signal to the R, G, and B increments Inc_R. Inc_G, and
Inc_B output from the RGB increment arithmetic unit 60 in
order to obtain output signals Ro, Go, and Bo.

The R-, G-, and B-channel unit vector arithmetic units 61,
63 and 65 calculate the unit vectors R_vec, G_vec, and B_vec
of'the red, green and blue signals Ri, Gi and B4, respectively,
received via R, G, and B channels, respectively, and output
the same to the channel selector 51 and the RGB increment
arithmetic circuit 60. The channel selector 51 selects one
among the unit vectors R_vec, G_vec, and B_vec output from
the R-, G-, and B-channel unit vector arithmetic units 61, 63
and 65 and outputs a selected unit vector to the brightness
increment arithmetic circuit 53. Preferably, the channel selec-
tor 51 outputs the maximum unit vector.
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The brightness increment arithmetic circuit 53 multiplies
the output signal of the channel selector 51 by the brightness
difference dif_Y output from the brightness difterence arith-
metic unit 40 and outputs the product of the multiplication to
the RGB increment arithmetic circuit 67. The RGB increment
arithmetic circuit 67 multiplies the brightness increment
Inc_Y output from the brightness increment arithmetic circuit
53 by each of the unit vectors R_vec, G_vec, and B_vec
output from the R-, G-, and B-channel unit vector arithmetic
units 61, 63 and 65, respectively, and outputs the products
Inc_R, Inc_G, and Inc_B to the adder 70.

FIG. 3 is a block diagram of an image brightness control-
ling apparatus according to a second embodiment of the
present invention. An image brightness controlling apparatus
200 in FIG. 3 includes a reference value arithmetic unit 20, a
gain controller 30, a brightness arithmetic unit 110, a bright-
ness increment arithmetic unit 130, an RGB increment arith-
metic unit 60, and an adder 70. Since the image brightness
controlling apparatus 200 of FIG. 3 is similar to the image
brightness controlling apparatus 100 of FIG. 2, only the
brightness arithmetic unit 110 and the brightness increment
arithmetic unit 130 will now be described.

The brightness arithmetic unit 110 calculates the bright-
ness Y of an input signal composed of R, G and B signals Ri,
Gi and Bi and outputs the same to the reference value arith-
metic unit 20 and the brightness increment arithmetic unit
130. The brightness increment arithmetic unit 130 calculates
the brightness difference dif_Y between the reference bright-
ness Ref_ Y output from the reference value arithmetic unit 20
and the brightness Y output from the brightness arithmetic
unit 110 and outputs the brightness difference dif_Y to the
RGB increment arithmetic unit 60. In this embodiment, the
brightness difference dif Y is the same as the brightness
increment Inc_Y.

The RGB increment arithmetic unit 60 calculates R, G, and
B increments Inc_R, Inc_G, and Inc_B in response to R, G
and B signals Ri, Gi, and Bi constituting an input signal and
the brightness difference dif Y output from the brightness
increment arithmetic unit 130, and outputs the same to the
adder 70. The adder 70 adds the received R, G and B signals
Ri, Gi, and Bi to the R, G, and B increments Inc_R, Inc_G,
and Inc_B output from the RGB increment arithmetic unit 60
to obtain output signals Ro, Go, and Bo.

FIG. 4 is a block diagram of an image brightness control-
ling apparatus according to a third embodiment of the present
invention. An image brightness controlling apparatus 300 of
FIG. 4 includes a brightness parameter arithmetic unit 145, a
reference value arithmetic unit 20, a brightness improvement
ratio divider 140, and an RGB multiplier 150.

The brightness parameter arithmetic unit 145 receives an
image signal (Ri, Gi, and Bi), determines the brightness
parameter of the received image signal, and outputs the same
to the reference value arithmetic unit 20 and the brightness
improvement ratio divider 140. The brightness parameter can
be determined by a plurality of methods. For example, the
maximum value out of three components Ri, Gi, and Bi
constituting the received image signal can be determined as
the brightness parameter.

The reference value arithmetic unit 20 is the same as the
reference value arithmetic unit described above, so it will not
be described in detail.

The brightness improvement ratio divider 140 receives the
reference brightness value from the reference value arith-
metic unit 20 and the brightness parameter from the bright-
ness parameter arithmetic unit 145, makes the ratio of the two
received values, and outputs the result to the RGB multiplier
150. The RGB multiplier 150 multiplies each of the input
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image signal components Ri, Gi, and Bi by the brightness
improvement ratio received from the brightness improvement
ratio divider 140 to obtain a brightness-improved signal com-
posed of components Ro, Go and Bo.

FIG. 5 is a flowchart for illustrating an image brightness
controlling method according to a first embodiment of the
present invention. In the image brightness controlling method
with reference to FIGS. 1, 2, and 5, first of all, the maximum
component arithmetic unit 10 receives an image signal (or
pixel) composed of a red signal Ri, a green signal Gi, and a
blue signal Bi, in step 400. Thereafter, the maximum compo-
nent arithmetic unit 10 obtains a maximum signal out of the
red signal Ri, the green signal Gi, and the blue signal Bi using
Equation 1, in step 410:

Y=Maximum (Ri, Gi, Bi) (€8]

whereinY denotes a maximum value out of the three values of
the signals Ri, Gi, and Bi constituting an input signal (or
pixel). The maximum component arithmetic unit 10 outputs
the brightnessY of the maximum signal (or component) to the
reference value arithmetic unit 20, the brightness difference
arithmetic unit 40, and the brightness increment arithmetic
unit 50.

In response to the output signal Gval of the gain controller
30 in step 421, the reference value arithmetic unit 20 calcu-
lates the reference brightness Ref Y corresponding to the
brightness Y of the input signal or maximum signal (or com-
ponent) using Equation 2 and outputs the same to the bright-
ness difference arithmetic unit 40, in step 420. Equation 2 is
as follows:

Ref Y=F(Y,Gval) ()]

wherein F(Y, ) denotes a function of the brightness Y of the
maximum signal (or component) expressed in Equation 1. In
other words, the reference brightness Ref Y is determined by
the brightness Y of the maximum signal (or component) and
the output signal Gval of the gain controller 30.

FIG. 8 is a first graph showing a brightness increment
obtained according to the present invention. Referring to FIG.
8, a function F is expressed as in Equation 3:

F(x)=glx(x+x_max)®*+g2

3

wherein gl denotes a scale constant, g2 denotes an offset
constant, Gval denotes a constant representing an involution,
x denotes the brightness Y, and x_max denotes the maximum
brightness Y, which corresponds to white if R, GG, and B are all
maximum.

Referring to FIG. 8, the dotted diagonal line denotes an
inclination of 1, the function F, which is a nonlinear function,
denotes the reference brightness Ref_Y, a circle B1 denotes
the brightness Y of the original input signal (or pixel), and a
circle B2 denotes the reference brightness Ref V produced
by the function F. That is, the circle B1 is Y, and the circle B2
is Ref V.

FIG. 9 is a second graph showing a brightness increment
obtained according to the present invention. The function
F(x) of FIG. 9 is composed of two nonlinear functions and
expressed as in Equation 4:

if x>x_th, F1(x)=glx(x+x_max)®*/'+g21 else,

F2(x)=g12x(x+x_max) ®*2+g22 4

wherein x_th denotes a boundary value to divide a brightness
section, g11 denotes the scale constant of the first brightness
section, g21 denotes the offset constant of the first brightness
section, and Gvall denotes the involution value of the first
brightness section. Also, g12 denotes the scale constant of the
second brightness section, g22 denotes the offset constant of
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the second brightness section, and Gval2 denotes the involu-
tion value of the second brightness section.

Referring to FIG. 9, functions F1 and F2, which are non-
linear functions, denote the reference brightness Ref Y, a
circle Bi denotes the brightness Y of the original input signal
(or pixel), and a circle B2 denotes the reference brightness
Ref_V produced by the function F1. That is, B2 is Ref_V.

Ifthe number of used nonlinear functions is m, the function
F(x) is expressed as in Equation 5:

if x>x_th(k) and x=x_th(k-1)F(x,k)=g1(k)x

(x=x_max) ¥ ®4 g2 (k) (1<k<m) %)
wherein k denotes a designator designating a section, gl(k)
denotes the scale constant of a k section, g2(k) denotes the
offset constant of the k section, and Gval(k) denotes the
involution in the k section. The function F(x) expressed by
Equation 5 is not shown in FIG. 9.

FIG. 10 is a third graph showing a brightness increment
obtained according to the present invention. The function
F(x) of FIG. 10, which is another example of the function F(x)
used in the present invention, is composed of linear functions
and expressed as in Equation 6:

if x>x_th(k) and x<x_th(k-1), F(x,k)=s1(k)xx+s2(k)

(1<k<m) (6)
wherein k denotes a designator for designating a section, si
denotes a straight-line inclination, and s2 denotes an offset
constant. Also, functions F1 and F2, which are linear func-
tions, denote the reference brightness Ref Y, a circle Bi
denotes the brightness Y of the original input signal (or pixel),
and a circle B2 denotes the reference brightness Ref_V pro-
duced by the function F1. That is, B2 is Ref_V.

FIG. 11 is a fourth graph showing a brightness increment
obtained according to the present invention. The function
shown in FIG. 11 is composed of the linear function F2 and
the nonlinear function F1. Here, Biis Y, and B2 is Ref Y.

FIG. 12 is a fourth graph showing a brightness increment
obtained according to the present invention. The function
shown in FIG. 12 is the function F given by Equation 3 when
glis 1, g2is 0, andY_Gval is greater than 1. The function of
FIG. 12 can be used to decrease the brightness of an input
image. In FIG. 12, a circle B1 denotes the brightness Y of the
original input pixel, and a circle B3 denotes the reference
brightness Ref_ Y obtained by using the function F.

The functions F of FIGS. 8 through 12 are functions used to
explain embodiments of the present invention, so the func-
tions according to the present invention will not be limited to
the functions F of FIGS. 8 through 12.

Referring back to FIG. 5, the brightness difference arith-
metic unit 40 calculates a brightness difference dif Y
expressed by Equation 7, in step 430:

dif_Y=Ref Y-Y @]

That is, the brightness difference arithmetic unit 40 calculates
the difference between B2 and B1.

With reference to Equations 3 and 7, if the involution Gval
is equal to or less than 1, the reference brightness Ref Y with
respect to the brightness Y increases. If the involution Gval is
close to 0, the brightness difference dif_Y increases. Conse-
quently, the brightness difference dif Y is controlled in
response to the involution Gval.

After step 430, the brightness increment arithmetic unit 50
calculates the brightness increment Inc_Y in response to the
output signal of the channel selector 51 and the brightness
difference dif_V output from the brightness difterence arith-
metic unit 40 using Equation 8, in step 440:

Inc_Y=dif ¥Y+(Max_Vector) (®)
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wherein Max_Vector denotes the unit vector of a maximum
signal (or component) out of the red, green, and blue signals
Ri, Gi, and Bi constituting an input signal (or pixel). In this
case, the brightness difference dif_ Y denotes the brightness
increment Inc_Y for each of the R, G, and B signals (or
components).

After step 440, the RGB increment arithmetic unit 60 cal-
culates the increments Inc_R, Inc_G, and Inc_B of the red,
green, and blue signals Ri, Gi, and Bi constituting the input
signal (or pixel) in response to the brightness increment
Inc_Y output from the brightness increment arithmetic unit
50 and the unit vectors R_vec, G_vec, and B_vec output from
the R-, G-, and B-channel unit vector arithmetic units 61, 63
and 65, in step 450. The increments Inc_R, Inc_G, and Inc_B
are expressed as in Equation 9:

Inc_R=Inc_Y*R vec Inc_G=Inc_Y*G_vec
Inc_B=Inc_Y*B_vec R_vec=b1*Ri/M1
G_vec=b1*Gi/M1 B_vec=b1*Bi/M1 M1=

(Ri*Ri+Gi*Gi+Bi*Bi)"? %)

wherein bl denotes a scale constant, and R_vec, G_vec, and
B_vec denote the unit vectors of the red, green, and blue
signals Ri, Gi, and Bi, respectively.

After step 450, the adder 70 adds the red, green, and blue
signals Ri, Gi, and Bi to the increments Inc_R, Inc_G, and
Inc_B output from the RGB increment arithmetic unit 60,
respectively, to obtain the brightness-increased R, G, and B
signals Ro, Go, and Bo, in steps 460 and 470. The R, G, and
B signals Ro, Go, and Bo are expressed as in Equation 10:

Ro=Ri+Inc_R Go=Gi+Inc_G Bo=BRi+Inc_B (10)

The brightness-increased R, G, and B signals Ri, Gi, and Bi
are the sum of the R signal Ri and the brightness increment
Inc_R, the sum of the G signal Gi and the brightness incre-
ment Inc_G, and the sum of the B signal Bi and the brightness
increment Inc_B, respectively. Accordingly, the image
brightness controlling apparatus 100 according to the first
embodiment of the present invention can maintain the sense
of color, such as the original hue and chroma, while increas-
ing the brightness of an input signal.

Also, the brightness increments of the output signals Ro,
Go, and Bo do not exceed the maximum brightness. Accord-
ingly, the output signals Ro, Go, and Bo do not exceed their
respective maximum values on an RGB space.

FIG. 6 is a flowchart for illustrating an image brightness
controlling method according to a second embodiment of the
present invention. Since FIG. 6 is similar to FIG. 5, only the
features of FIG. 6 will now be described in detail.

In the image brightness controlling method with reference
to FIGS. 3 and 6, first of all, the brightness arithmetic unit 110
receives an input signal composed of a red, green, and blue
signals Ri, Gi, and Bi, in step 500. Next, the brightness
arithmetic unit 110 calculates the brightness Y of the input
signal in response to the red, green, and blue signals Ri, Gi,
and Bi constituting the input signal as shown in Equation 11,
in step 510:

Y=a1xRi+a2xGi+a3xBi (11

wherein al, a2 and a3 denote constants representing the
weights of R, G, and B signals, respectively, constituting an
input signal. The reference value arithmetic unit 20 obtains
the reference brightness Ref Y in response to the brightness
Y output from the brightness arithmetic unit 110 using Equa-
tion 2, in step 520.

In response to the brightness Y of the input signal and the
reference brightness Ref Y, the brightness increment arith-
metic unit 130 obtains the brightness difference dif Y
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between the brightness Y of the input signal and the reference
brightness Ref_ Y using Equation 12, in step 530:

Inc_Y(=dif_¥)=Ref ¥-Y 12)

In this case, the brightness difference dif_Y is the brightness
increment Inc_Y.

Thereafter, the RGB increment arithmetic unit 60 calcu-
lates the increments Inc_R, Inc_G, and Inc_B of the red,
green, and blue signals Ri, Gi, and Bi in response to the
brightness increment Inc_Y output from the brightness incre-
ment arithmetic unit 50 and the unit vectors R_vec, G_vec,
and B_vec output from the R-, G-, and B-channel unit vector
arithmetic units 61, 63 and 65, in step 540.

Next, the adder 70 adds the red, green, and blue signals Ri,
(i, and Bi to the increments Inc_R, Inc_G, and Inc_B, respec-
tively, to obtain the brightness-increased R, G, and B signals
Ro, Go, and Bo, in steps 550 and 560. The signals Ro, Go, and
Bo output from the adder 70 are expressed as in aforemen-
tioned Equation 10.

FIG. 7 is a flowchart illustrating an image brightness con-
trolling method according to a third embodiment of the
present invention. In this image brightness controlling
method with reference to FIGS. 4 and 7, first of all, images
signals Ri, Gi, and Bi are input to the brightness parameter
arithmetic unit 145, in step 600.

A brightness parameter representing the brightness of an
input signal is required to improve the brightness within a
color gamut in which the input signals Ri, Gi, and Bi can
express colors. The brightness parameter can be obtained by
aplurality of methods. The first method is determining, as the
brightness parameter, the value of the maximum component
out of the three signals (components) Ri, Gi, and Bi on an
RGB color space. That is, the brightness parameter arithmetic
unit 145 obtains the brightness parameter Y_ch using afore-
mentioned Equation 1, in step 610.

The second method to obtain the brightness parameter is
obtaining the brightness parameter using aforementioned
Equation 11. The third method is using the nonlinear Equa-
tion 13:

y 92 13
o (13

L=gl=(yr

wherein q1 denotes a scale constant, q3 denotes an offset
value, q2 denotes an involution, and Y denotes the linear
brightness of the input signals Ri, Gi, and Bi. The brightness
Y can be the brightness Yc. Ymax denotes the maximum
brightness, and L denotes the nonlinear brightness of the
input signals Ri, Gi, and Bi. On an internal standard color
space, CIE L*, ql is 116, q2 is %3, and q3 is 16.

After step 610, the reference value arithmetic unit 20
obtains the reference brightness Ref_ Y, in step 620. At this
time, the brightness improvement parameter Y_Gval is
received as a control signal, in step 630. The reference bright-
ness is expressed as in aforementioned Equation 2. The func-
tion F in Equation 2 is a function of the brightness Y_ch (orYc
orL). FIGS. 8 through 12 show examples of the function F of
Equation 2. In contrast with the functions of FIGS. 8 through
11, the function shown in FIG. 12 is the function F of Equa-
tion 3 when gl is 1, g2 is 0, and Y_Gval is greater than 1. The
function of FIG. 12 can be used to decrease the brightness of
an input image. In FIG. 12, a circle B1 denotes the brightness
Y of the original input pixel, and a circle B3 denotes the
reference brightness Ref Y obtained using the function F.
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After step 620, the brightness improvement ratio divider
140 obtains the brightness improvement ratio Brt_ratio
between the brightness Y_ch of the input pixel and the refer-
ence brightness Ref_Y, in step 640. The brightness improve-
ment ratio Brt_ratio of an input pixel is obtained using Equa-
tion 14:

Brt_ratio=Ref Y/Y_ch

After step 640, the RGB multiplier 150 multiplies the bright-
ness improvement ratio obtained in step 640 by each ofthe R,
G, and B components for the input pixel to obtain a bright-
ness-improved output pixel, in step 650. The multiplication is
as expressed in Equation 15:

14

Ro=Brt_ratio*Ri Go=Brt_ratio*Gi Bo=Brt_ratio*Bi

15

Ref_V of Equation 14 is a value within the color gamut in
the RGB color space, and the brightness improvement ratio
Brt_ratio of the maximum component among the RGB com-
ponents is also within the color gamut. Accordingly, when the
values of the other two components equal to or smaller than
that of the maximum component are multiplied by the bright-
ness improvement ratio Brt_ratio, they also fall within the
color gamut.

After step 650, obtained brightness-improved signals Ro,
Go, and Bo are output from the RGB multiplier 150, in step
660.

Brightness improvement parameters, such as g1, g2 and
Y_Gval shown in Equation 3, are required. The values of the
brightness improvement parameters can be controlled by
users.

FIG. 13 is a block diagram of an apparatus for adaptively
controlling the brightness of an image depending on the
brightness degree of'an image, according to the present inven-
tion. This apparatus includes a brightness improvement
parameter setting portion 160 and a brightness controller 169.

The brightness improvement parameter setting portion 160
receives an image signal (Ri+Gi+Bi) and a control signal
including a scale value necessary for brightness improvement
and calculates a brightness improvement parameter. The con-
trol signal can be a reference average brightness (Y_refer),
DR_high, DR_low, ScaleFu, or ScaleFd, and will be
described in more detail later when FIG. 18 is described.

The brightness controller 169 receives a brightness
improvement parameter Y_Gval from the brightness
improvement parameter setting portion 160 and controls the
brightness of the image signal according to the brightness
improvement parameter Y_(Gval to obtain an improved lumi-
nance signal. The brightness controller 169 can be one of the
brightness controllers 100, 200, and 300 in FIGS. 2, 3, and 4.

FIG. 14 is a detailed block diagram of the brightness
improvement parameter setting portion 160 including an
RGB signal transformer 161, a mean brightness arithmetic
unit 163, and a parameter arithmetic unit 165.

The RGB signal transformer 161 receives the image signal
(Ri+Gi+Bi), transforms it into a luminance signal Y, and
outputs the luminance signal Y to the mean brightness arith-
metic unit 163. However, if a luminance signal Y, Cb, or Cr is
input instead of an RGB image signal, the RGB signal trans-
former 161 is not required.

The mean brightness arithmetic unit 163 obtains the mean
brightness of the luminance signal Y and outputs it to the
parameter arithmetic unit 165. If an image is processed one
frame at a time, the brightness values of frames are averaged.

The parameter arithmetic unit 165 receives the mean
brightness from the mean brightness arithmetic unit 163 and
a control signal including a scale value necessary for bright-
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ness improvement, calculates the brightness improvement
parameter Y_Gval, and outputs the same to the brightness
controller 169.

FIG. 16 is a flowchart for illustrating a method of adap-
tively controlling the brightness of an image depending on the
brightness degree of'an image, according to the present inven-
tion. Referring to FIGS. 13 through 16, it will be described
how to adaptively increase the brightness of an image depend-
ing on the brightness degree of an input signal (Ri+Gi+Bi).

A representative parameter representing the brightness
degree of an image is the mean brightness of an image. FIG.
15 shows the brightness histograms of three images having
different brightness degrees. In FIG. 15, a dim image is indi-
cated by D1, an image having a medium brightness is indi-
cated by D2, and a bright image is indicated by D3. The mean
brightness values representing the brightness degrees of the
images D1, D2 and D3 are indicated by Dc1, Dc2, and Dc3,
respectively.

With reference to FI1G. 16, first of all, a frame image is input
to the brightness improvement parameter 160 and the bright-
ness controller 169, in step 700.

The mean brightness arithmetic unit 163 calculates the
mean brightness of the received frame image, in step 710.

The parameter arithmetic unit 165 receives the mean
brightness from the mean brightness arithmetic unit 163 and
calculates the brightness improvement parameter Y_Gval
according to a control signal, in step 730.

The brightness controller 169 calculates improved bright-
ness values for pixels in response to the brightness improve-
ment parameter and the received image, in step 750. the
improved brightness values can be calculated by methods as
shown in FIGS. 5 through 7.

The brightness controller 169 output the improved bright-
ness values, in step 760.

FIG. 17 is a detailed flowchart of step 710, which is per-
formed in the mean brightness arithmetic unit 163 of FIG. 14.
The mean brightness Y_mean of an image is expressed as in
Equation 16:

N-1

! 16)
Y _mean = I ; Ye;

wherein Y, denotes a brightness parameter and can be
expressed as Equation 1, i denotes an index representing an
arbitrary spatial coordinate within an image, and N denotes
the total number of pixels of an image.

In step 710 of calculating the mean brightness of an image,
first of all, index 1 and a brightness sumY_sum are each set to
be O before a frame image signal is received, instep 711. Next,
pixel values Ri, Gi, and Bi constituting the frame image signal
are received, in step 712.

Thereafter, the brightness value for the input pixel values
Ri, Gi, and Bi at the location corresponding to the index i is
calculated, in step 713. In FIG. 17, the brightness value is
obtained through Equation 11. Of course, the brightness value
can be calculated using Equation 1 or Equation 13.

The brightness value obtained in step 713 is added to the
brightness sum Y_sum, in step 714.

Itis determined whether the index i is smaller than the total
number of pixels constituting the received frame image, in
step 715.

If the index i is smaller than the total pixel number, the
index i increases by 1, in step 716. the method goes back to
step 712.



US 9,350,965 B2

15

If it is determined in step 715 that the index i is equal to or
greater than the total pixel number, the brightness sumY_sum
is divided by the total pixel number to obtain the mean bright-
ness Y_mean of the received image, in step 717.

FIG. 18 is a detailed flowchart of step 730 shown in FIG.
16. The step 730 is performed in the parameter arithmetic unit
165 of FIG. 14. The step 730 of calculating the brightness
improvement parameter Y_Gval will now be described in
detail with reference to FI1G. 18.

First of all, the mean brightness differenceY differ between
the mean brightness Y_mean obtained in step 710 and the
reference mean brightness Y_refer is obtained, in step 731.
The reference mean brightness Y_refer serving as the basis of
the mean brightness is used to determine whether to increase
or decrease the brightness depending on the mean brightness
Y_mean of an image. The reference mean brightness is the
mean brightness when an increase or decrease in the bright-
ness of an image is not needed. Accordingly, if the input mean
brightness is smaller than the reference mean brightness, an
increase in the brightness of an image is required. If the input
mean brightness is greater than the reference mean bright-
ness, a decrease in the brightness of an image is required. The
increase or decrease in the brightness of an image can be
achieved using the gamma exponent Gval of Equation 3 as the
brightness improvement parameter.

After step 731, if it is determined in step 733 that the mean
brightness difference Y differ is positive, the brightness
improvement parameter Y_Gval is calculated using Equation
17, in step 735:

Y_Gval=G_def+{(Y_mean-Y_refer)/(DR_high-

Y_refer)}*ScaleFu a7

If it is determined in step 733 that the mean brightness
difference Y_differ is negative, the brightness improvement
parameter Y_Gval is calculated using Equation 18, in step
737:

Y_Gval=G_def+{(Y_mean-Y_refer)/

(Y_ref-DR_low)}*ScaleFd (18)

In Equations 17 and 18, G_def denotes the reference value
of the brightness improvement parameter Y_Gval that is the
gamma exponent of the reference mean brightness value.
DR_high denotes the maximum allowable value of the mean
brightness of an image, and DR_low denotes the minimum
allowable value of the mean brightness of an image. ScaleFu
and ScaleFd, which are scale factors, denote values represent-
ing the maximum and minimum allowable ranges, respec-
tively, of the gamma exponent. In a preferred embodiment of
the present invention, G_defcan be setto be 1,Y_refer can be
set to be 168, DR_high can be set to be 250, DR_low can be
setto be 50, and ScaleFu and ScaleFd can be both setto be 0.5.
The reference mean brightness (Y_refer), DR _high, DR_low,
ScaleFu, and ScaleFd are used as the control signal applied to
the brightness improvement parameter setting portion 160 of
FIG. 13 and can be adjusted by a user or a chip maker.

FIG. 19 is a block diagram of an apparatus for adaptively
controlling the brightness of an image based on the brightness
range of an image or the brightness range and brightness
degree of an image, according to the present invention. This
apparatus includes a parameter setting portion 170, a bright-
ness range improving portion 180, and a brightness controller
190.

The parameter setting portion 170 receives an image signal
(Ri+Gi+Bi), a control signal including a scale value neces-
sary for brightness improvement, a control signal LowScale
including the minimum scale value of the brightness range,
and a control signal HighScale including the maximum scale
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value of the brightness range. The control signal including a
scale value necessary for brightness improvement is the same
as the control signal applied to the brightness improvement
parameter setting portion 160 of FIG. 13. That is, the control
signal including a scale value necessary for brightness
improvement can be one of the reference mean brightness
Y _refer, the maximum allowable value DR_high, the mini-
mum allowable value DR _low, the maximum allowable range
value ScaleFu, and the minimum allowable range value
ScaleFd. Depending on the existence or nonexistence of the
control signal applied to the brightness improvement param-
eter setting portion 160 or the control signals including the
scale values of the brightness range, the adaptive image
brightness controlling apparatus of FIG. 19 adaptively con-
trols the brightness of an image. In other words, the adaptive
image brightness controlling apparatus of FIG. 19 adaptively
controls the brightness of an image depending on the bright-
ness range, or the brightness degree, or both the brightness
range and the brightness degree.

The parameter setting portion 170 outputs a brightness
improvement parameter to the brightness controller 190 and
also outputs 4 types of brightness range improvement param-
eters to the brightness range improving portion 180. Here, the
four brightness range improvement parameters are the mini-
mum brightness valueY_low of the received image signal, the
maximum brightness value Y_high of the received image
signal, the minimum value AppYL of an extended brightness
range, and the maximum value AppYH of the extended
brightness range.

The brightness range improving portion 180 receives the
four brightness range improvement parameters Y_low,
Y_high, AppYL, and AppYH from the parameter setting
portion 170, and also receives brightness range parameters,
that is, a reference brightness range maximum value
ReferYH, a reference brightness range minimum value
ReferYL, the reference brightness range maximum value
ReferYoH ofthe extended brightness range, and the reference
brightness range minimum value ReferYol. of the extended
brightness range, from a micomputer MICOM (not shown).
The brightness range improving portion 180 also receives the
image signal (Ri+Gi+Bi), improves the brightness ranges of
individual pixels, and outputs a signal having an improved
brightness range to the brightness controller 190.

The brightness controller 190 receives the brightness
improvement parameter from the parameter setting portion
170, and also receives the signal having an improved bright-
ness range from the brightness range improving portion 180.
Then, the brightness controller 190 calculates the brightness
improvements of individual pixels for the image signal (Ri+
Gi+Bi) to obtain a brightness-improved signal (Ro+Go+Bo).

FIG. 20 is a detailed block diagram of the parameter setting
portion 170 of FIG. 19. The parameter setting portion 170
includes the brightness improvement parameter setting por-
tion 160 of FIG. 14 and a brightness range improvement
parameter setting portion 171. The brightness range improve-
ment parameter setting portion 171 includes an RGB signal
transformer 161, a brightness minimum value arithmetic unit
174, a brightness maximum value arithmetic unit 176, a sec-
ond parameter arithmetic unit 175, and a third parameter
arithmetic unit 177.

Since the brightness improvement parameter setting por-
tion 160 is described above, only the brightness range
improvement parameter setting portion 171 will now be
described in detail.

As described above, the RGB signal transformer 161 trans-
forms an input image signal into a luminance signal if the
input image signal is an RGB signal, and outputs the lumi-
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nance signal to the brightness minimum value arithmetic unit
174 and the brightness maximum value arithmetic unit 176.
Hence, if the input image signal is a signal other than an RGB
signal, the RGB signal transformer 161 is not required.

The brightness minimum value arithmetic unit 174 obtains
the minimum brightness value Y_low and outputs it to the
second parameter arithmetic unit 175 and the brightness
range improving portion 180.

The second parameter arithmetic unit 175 receives the
minimum brightness value Y_low and the control signal
LowScale including the minimum brightness range scale
value, calculates the applied brightness minimum value
parameter AppYL, and outputs it to the brightness range
improving portion 180.

The brightness maximum value arithmetic unit 176 obtains
the maximum brightness value Y_high and outputs it to the
third parameter arithmetic unit 177 and the brightness range
improving portion 180.

The third parameter arithmetic unit 177 receives the maxi-
mum brightness value Y_high and the control signal High-
Scale including the maximum brightness range scale value,
calculates the applied brightness maximum value parameter
AppYH, and outputs it to the brightness range improving
portion 180.

FIGS. 21A and 21B are block diagrams of the brightness
range improving portion 180 of FIG. 19. Referring to FIG.
21A, the brightness range improving portion 180 includes a
brightness parameter arithmetic unit 145, a range comparator
181, a range selector 189, and a brightness signal arithmetic
unit 182. The brightness signal arithmetic unit 182 includes a
first range arithmetic unit 183, a second range arithmetic unit
185, and a third range arithmetic unit 187.

The brightness parameter arithmetic unit 145 is as
described above, so it will not be described in detail. The
brightness parameter Y _ch output from the brightness param-
eter arithmetic unit 145 is applied to the brightness controller
190, the range comparator 181, the first range arithmetic unit
183, the second range arithmetic unit 185, and the third range
arithmetic unit 187.

The range comparator 181 receives the brightness param-
eter Y_ch from the brightness parameter arithmetic unit 145
and also receives the minimum and maximum values Y_low
and Y_high of the range of a section in an input image from
the parameter setting portion 170. The range comparator 181
checks whether the brightness parameter Y_ch is smaller than
the minimum value Y _low, between the minimum and maxi-
mum values Y_low and Y_high, or is greater than the maxi-
mum value Y_high in order to determine which section the
brightness parameter belongs to, and then outputs the infor-
mation on the determined section to the range selector 189.

The first range arithmetic unit 183 receives the brightness
parameter Y_ch from the brightness parameter arithmetic
unit 145. The first range arithmetic unit 183 also receives the
minimum brightness value Y_low of the input image signal,
and the minimum value AppYL of an extended brightness
range from the parameter setting portion 170, and the refer-
ence brightness range minimum value ReferYL, and the ref-
erence brightness range minimum value ReferYol. of the
extended brightness range from the MICOM (not shown).
Thereafter, the first range arithmetic unit 183 calculates a
brightness range improvement value with respect to the
brightness parameter Y_ch and outputs it to the range selector
189.

The second range arithmetic unit 185 receives the bright-
ness parameter Y_ch from the brightness parameter arith-
metic unit 145. The second range arithmetic unit 185 receives
the values Y_low, Y_high, AppYL, and AppYH from the

10

15

20

25

30

35

40

45

50

55

60

65

18

parameter setting portion 170, calculates a brightness range
improvement value with respect to the brightness parameter
Y_ch and outputs it to the range selector 189.

The third range arithmetic unit 187 receives the brightness
parameter Y_ch from the brightness parameter arithmetic
unit 145. The third range arithmetic unit 187 also receives the
values Y_high and App YH from the parameter setting portion
170, and the reference brightness range maximum value
ReferYH and the reference brightness range maximum value
ReferYoH of the extended brightness range from the micom
(not shown). Thereafter, the third range arithmetic unit 187
calculates a brightness range improvement value with respect
to the brightness parameter Y_ch and outputs it to the range
selector 189.

The range selector 189 selects a signal corresponding to the
section information received from the range comparator 181
among the signals received from the first, second, and third
range arithmetic units 183, 185, and 187 and outputs a bright-
ness range-extended luminance signal Y1 to the brightness
controller 190.

Referring to FIG. 21B, the brightness range improving
portion 180 includes a brightness parameter arithmetic unit
145, a range comparator 181, and a brightness signal arith-
metic unit 182. The brightness signal arithmetic unit 182
includes a first range arithmetic unit 183, a second range
arithmetic unit 185, and a third range arithmetic unit 187.
Since the brightness range improving section of FIG. 21B is
similar to that of FIG. 21A, only featuring parts will now be
described in detail.

The range comparator 181 applies the section information
to each of the first, second, and third range arithmetic units
183, 185, and 187, and enables a range arithmetic unit corre-
sponding to the determined section among of the three range
arithmetic units while disabling the other two range arith-
metic units. Accordingly, the brightness range-extended
luminance signal Y1 is output to the brightness controller
190.

FIG. 22 is a block diagram of the brightness controller 190
of FIG. 19. The brightness controller 190 includes a reference
value arithmetic unit 20, a brightness improvement ratio
divider 140, and an RGB multiplier 150. the brightness con-
troller 190 of FIG. 19 is the same as the image brightness
controlling apparatus of FIG. 4 except that the brightness
parameter arithmetic unit 145 is not included. Hence, only the
featuring parts will now be described in detail.

Unlike the reference value arithmetic unit 20 of FIG. 4
receiving the brightness parameter Y_ch from the brightness
parameter arithmetic unit 145, the reference value arithmetic
unit 20 of FIG. 22 receives the brightness range-improved
luminance signal Y1 from the brightness range improving
portion 180 and calculates the reference brightness Ref Y.
The use of the brightness range-improved luminance signal
Y1 as the parameter x of the function F expressed as in
Equation 3 enables adaptive image brightness control based
on the brightness range of an image.

FIG. 23 is a flowchart for illustrating a method of adap-
tively controlling the brightness of an image based on the
brightness range of an image or both the brightness range and
brightness degree of'an image, according to the present inven-
tion. The brightness range Y_DR of an image is expressed as
in Equation 19:

Y_DR=Y _high-¥_low 19

wherein Y_high denotes the maximum brightness value
among the brightness values of an image, and Y_low denotes
the minimum brightness value among the brightness values of
an image. The values Y_high and Y_low can be set as bright-
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ness values positioned at higher 10% and lower 10% of the
total number of pixels, respectively.

The fact that the contrast of an image is high means that the
value Y_DR is high.

The reference value arithmetic unit 20 of FIGS. 4 and 22
calculates the reference brightness value Ref_Y expressed as
in Equations 2 and 3 to be used to improve the brightness of
an input image. If the brightness range-extended brightness
Y1 instead of the brightness parameter Y_ch of the input
image is used as the parameter of the function F, an output
image whose brightness is improved depending on the bright-
ness range of the input image can be obtained. In addition, the
calculation of the brightness improvement parameter Y_Gval
for use in brightness control using the method described
through FIGS. 16 through 18 enables both adaptive bright-
ness control based on the brightness range and adaptive
brightness control based on the brightness degree of an
image.

Referring to FIGS. 19 through 23, in the adaptive image
brightness controlling method, first, a frame image is input to
the parameter setting portion 170, the brightness range
improving portion 180, and the brightness controller 190, in
step 800.

The mean brightness arithmetic unit 163 obtains the bright-
ness Y_mean of the received frame image, in step 810. The
mean brightness Y_mean can be obtained by the method of
FIG. 7.

The parameter arithmetic unit 165 calculates the brightness
improvement parameter Y_Gval from the mean brightness
Y_mean, in step 820. The brightness improvement parameter
Y_Gval can be calculated by the method of FIG. 18.

The brightness minimum value arithmetic unit 174 and the
brightness maximum value arithmetic 176 calculate the mini-
mum brightness range value Y_low and the maximum bright-
ness range value Y_high, respectively, in step 830. The mini-
mum and maximum brightness range values Y_low and
Y_high can be the maximum and minimum brightness val-
ues, respectively, among the brightness values of an image. In
the brightness histogram introduced in the embodiments of
the present invention, the minimum and maximum brightness
range values Y_low and Y_high are set as the brightness
values positioned at the upper 10% and lower 10% of the total
number of pixels, respectively.

The first and second parameter arithmetic units 175 and
177 calculate the minimum and maximum applied brightness
range values AppYL and AppYH, respectively, in step 840.
The reference brightness range is required to extend the
brightness range of an image. The reference brightness range
maximum value ReferYH and the reference brightness range
minimum value ReferYL are used as the reference brightness
range. When the brightness range values Y_high and Y_low
of the input image are calculated, the increment of a bright-
ness range is determined using the values expressed as in
Equations 20 and 21:

AppYL=Y low-(Y_low-ReferYL)*LowScale (20)

AppYH=Y_high+(ReferYH-Y_high)*HighScale 21

wherein AppYL and AppYH denote the minimum and maxi-
mum values, respectively, of an extended brightness range to
be applied to an image, and LowScale and HighScale denote
parameters for controlling the degree of extension of a bright-
ness range. For example, the values LowScale and HighScale
are both set to be 0.3, the value ReferYL is set to be 1, and the
value ReferYH is set to be 255.

After step 840, the brightness range improving portion 180
calculates the brightness range extended signal Y1 in which
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the brightness range of individual sections and individual
pixels is extended, in step 850. Here, the brightness param-
eters belong to image sections.

The brightness controller 190 calculates the brightness
improvement values of individual pixels using the brightness
improvement parameter Y_Gval, in step 860. The brightness
improvement values can be obtained by the methods of FIGS.
5 through 7.

Steps 850 and 860 repeat until all of the pixels within the
received frame are processed, in step 870.

FIG. 24 is a flowchart for illustrating step 850 of F1G. 23 in
greater detail. Referring to FIGS. 19, 21A, 21B, and 24, first
of all, the brightness parameter Y_ch, the applied brightness
minimum value AppYL, and the applied brightness maxi-
mum value AppYH are applied to the range comparator 181,
in step 851.

It is determined whether the brightness parameter Y_ch is
smaller than the applied brightness minimum value AppYL,
in step 852.

Ifthe brightness parameter Y_ch is smaller than the applied
brightness minimum value AppYL, the first range arithmetic
unit 183 obtains the brightness range extended luminance
signal Y1 using Equation 22, in step 853:

Y_ch<=Y low, Y1=(Y_ch-ReferYL)*(AppYL-

ReferYL)/(Y_low—ReferYL)+ReferYL (22)

On the other hand, if the brightness parameter Y_ch is
equal to or greater than the applied brightness minimum value
AppYL, it is determined whether the brightness parameter
Y_ch is greater than the applied brightness maximum value
AppYH, in step 854.

Ifthe brightness parameter Y_ch is smaller than or equal to
the applied brightness maximum value AppYH, the second
range arithmetic unit 185 obtains the brightness range
extended luminance signal Y1 using Equation 23, in step 855:

Y_high>Y ch>Y low, Y1=(Y_ch-Y_low)*(AppYH-

AppYL)/(Y_high-Y low)+AppYL (23)

On the other hand, if the brightness parameter Y_ch is
greater than the applied brightness maximum value AppYH,
the third range arithmetic unit 187 obtains the brightness
range extended luminance signal Y1 using Equation 24, in
step 856:

¥ high<=Y ch, Y1=(¥ ch-¥_high)*(ReferYH-
AppYH)/(ReferYH-Y high)+AppYH (24)

After each of the steps 853, 855,and 856, the brightness
range extended luminance signal Y1 is output to the bright-
ness controller 190, in step 857.

The invention can also be embodied as computer readable
codes on a computer readable recording medium. The com-
puter readable recording medium is any data storage device
that can store data which can be thereafter read by a computer
system. Examples of the computer readable recording
medium include read-only memory, random-access memory,
CD-ROMs, magnetic tapes, floppy disks, and optical data
storage devices, and so on. Also, the computer readable codes
can be transmitted via a carrier wave such as Internet. The
computer readable recording medium can also be distributed
over a network coupled computer systems so that the com-
puter readable code is stored and executed in a distributed
fashion.

As described above, in an image brightness controlling
apparatus and an image brightness controlling method
according to the present invention, the brightness of an image
entirely or partially increases while maintaining the original
sense of color. In an apparatus and method of adaptively
controlling the brightness of an image based on the brightness
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degree of the image, according to the present invention, the
brightness of the entire image or part of the image adaptively
increases based on the brightness degree of the image while
maintaining the original sense of color. In an apparatus and
method of adaptively controlling the brightness of an image
based on the brightness range and/or brightness degree of the
image, according to the present invention, the brightness of
the entire image or part of the image adaptively increases
depending on the brightness range and/or brightness degree
of the image while maintaining the original sense of color.

What is claimed is:

1. An image brightness controlling apparatus comprising:

a brightness improvement parameter setting unit config-

ured to receive an input image signal and a control sig-

nal, the brightness improvement parameter setting unit

comprising

amean brightness arithmetic unit configured to calculate
using a non-linear function a mean brightness of the
input image signal comprised of elements; and

aparameter arithmetic unit configured to set a brightness
improvement parameter for determining a degree of
an increase or decrease in the brightness of an image
based on the input image signal, the mean brightness
of the input image signal, and the control signal
including a scale value needed for brightness
improvement, the scale value comprising a minimum
and maximum allowable range of a gamma exponent
of a reference mean brightness,

wherein when the mean brightness of the input image
signal is determined as being smaller than the refer-
ence mean brightness, a first brightness improvement
parameter for increasing the brightness of the image is
calculated based on the scale value comprising the
maximum allowable range of the gamma exponent
and when the mean brightness is determined as being
greater than the reference mean brightness, a second
brightness improvement parameter for decreasing the
brightness of the image is calculated based on the
scale value comprising the minimum allowable range
of the gamma exponent; and

a brightness controller configured to control the bright-
ness of the image in response to the brightness
improvement parameter and the input image signal.

2. The image brightness controlling apparatus of claim 1,
further comprising an RGB signal transformer for transform-
ing the input image signal into a luminance signal if the input
image signal is an RGB signal.

3. The image brightness controlling apparatus of claim 1,
wherein the brightness controller comprises: a brightness
parameter arithmetic unit for outputting a brightness param-
eter for the input image signal; a reference value arithmetic
unit for outputting a reference brightness value for the output
brightness parameter; a brightness improvement ratio divider
for dividing the reference brightness value by the brightness
parameter output from the brightness parameter arithmetic
unit to obtain a brightness improvement ratio; and an indi-
vidual element multiplier for multiplying each of the ele-
ments constituting the input image signal by the brightness
improvement ratio.

4. The image brightness controlling apparatus of claim 3,
wherein the brightness parameter arithmetic unit determines
as the brightness parameter the value of the maximum ele-
ment among the elements constituting the input image signal.

5. The image brightness controlling apparatus of claim 3,
wherein the reference value arithmetic unit calculates the
reference brightness value corresponding to the brightness
parameter output from the brightness parameter arithmetic
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unit using reference brightness value functions correspond-
ing to a received control signal.
6. The image brightness controlling apparatus of claim 1,
wherein the parameter arithmetic unit calculates the bright-
ness improvement parameter in response to the mean bright-
ness and the control signal.
7. The image brightness controlling apparatus of claim 6,
wherein the parameter arithmetic unit calculated the bright-
ness improvement parameter by comparing the mean bright-
ness with a reference brightness.
8. The image brightness controlling apparatus of claim 1,
wherein the mean brightness arithmetic unit obtains bright-
ness values for each of the elements using the non-linear
function, obtains a brightness sum by summing the brightness
values for each of the elements and calculates the mean
brightness of the input image signal based on the obtained
brightness sum.
9. The image brightness controlling apparatus of claim 8,
wherein the mean brightness arithmetic unit calculates the
mean brightness of the input image by dividing the brightness
sum by a quantity of the elements.
10. An adaptive image brightness controlling method com-
prising:
inputting an input image signal and a control signal to a
brightness improvement parameter setting unit;

calculating using a non-linear function a mean brightness
of the input image signal comprised of elements;

setting a brightness improvement parameter for determin-
ing a degree of an increase or decrease in the brightness
of an image based on the input image signal, the mean
brightness of the input image signal, and the control
signal including a scale value needed for brightness
improvement, the scale value comprising a minimum
and maximum allowable range of a gamma exponent of
a reference mean brightness, wherein when the mean
brightness of the input image signal is determined as
being smaller than the reference mean brightness, a first
brightness improvement parameter for increasing the
brightness of the image is calculated based on the scale
value comprising the maximum allowable range of the
gamma exponent and when the mean brightness is deter-
mined as being greater than the reference mean bright-
ness, a second brightness improvement parameter for
decreasing the brightness of the image is calculated
based on the scale value comprising the minimum allow-
able range of the gamma exponent; and

controlling the brightness of the image in response to the

brightness improvement parameter and the input image
signal.

11. The adaptive image brightness controlling method of
claim 10, further comprising transforming the input image
signal into a luminance signal if the input image signal is an
RGB signal.

12. The adaptive image brightness controlling method of
claim 10, wherein the brightness controlling step comprises:
determining a brightness parameter for the input image sig-
nal; calculating a reference brightness value for the output
brightness parameter; dividing the reference brightness value
by the calculated brightness parameter to obtain a brightness
improvement ratio; and multiplying each of the elements
constituting the input image signal by the brightness improve-
ment ratio.

13. The adaptive image brightness controlling method of
claim 12, wherein, in the brightness parameter calculation
step, the value of the maximum element among the elements
constituting the input image signal is determined as the
brightness parameter.
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14. The image brightness controlling method of claim 12,
wherein, in the reference value calculation step, the reference
brightness value corresponding to the determined brightness
parameter is obtained using reference brightness value func-
tions corresponding to a received control signal.

15. The adaptive image brightness controlling method of
claim 10, wherein the brightness improvement parameter
setting step comprises: calculating the brightness improve-
ment parameter in response to the mean brightness and the
control signal.

16. The adaptive image brightness controlling method of
claim 15, wherein, in the brightness improvement parameter
calculation step, the brightness improvement parameter is
obtained by comparing the mean brightness with a reference
brightness.

17. A non-transitory computer readable recording medium
that stores a program for implementing an adaptive image
brightness controlling method comprising:

inputting an input image signal and a control signal to a

brightness improvement parameter setting unit
calculating using a non-linear function a mean brightness
of the input image signal comprised of elements;
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setting a brightness improvement parameter for determin-
ing a degree of an increase or decrease in the brightness
of an image based on the input image signal, the mean
brightness of the input image signal, and the control
signal including a scale value needed for brightness
improvement, the scale value comprising a minimum
and maximum allowable range of a gamma exponent of
a reference mean brightness, wherein when the mean
brightness of the input image signal is determined as
being smaller than the reference mean brightness, a first
brightness improvement parameter for increasing the
brightness of the image is calculated based on the scale
value comprising the maximum allowable range of the
gamma exponent and when the mean brightness is deter-
mined as being greater than the reference mean bright-
ness, a second brightness improvement parameter for
decreasing the brightness of the image is calculated
based on the scale value comprising the minimum allow-
able range of the gamma exponent; and

controlling the brightness of the image in response to the
brightness improvement parameter and the input image

signal.



